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Objectives. To systematically review and meta-analyze the effectiveness of yoga for reducing blood pressure in adults with
hypertension and to assess themodifying influences of type and length of yoga intervention and type of comparison group.Methods.
Academic Search Premier, AltHealthWatch, BIOSIS/Biological Abstracts, CINAHL, Cochrane Library, Embase, MEDLINE,
PsycINFO, PsycARTICLES, Natural Standard, and Web of Science databases were screened for controlled studies from 1966 to
March 2013. Two authors independently assessed risk of bias using the Cochrane Risk of Bias Tool. Results. All 17 studies included
in the review had unclear or high risk of bias. Yoga had a modest but significant effect on systolic blood pressure (SBP) (−4.17
[−6.35, −1.99],𝑃 = 0.0002) and diastolic blood pressure (DBP) (−3.62 [−4.92, −1.60],𝑃 = 0.0001). Subgroup analyses demonstrated
significant reductions in blood pressure for (1) interventions incorporating 3 basic elements of yoga practice (postures, meditation,
and breathing) (SBP: −8.17mmHg [−12.45, −3.89]; DBP: −6.14mmHg [−9.39, −2.89]) but not for more limited yoga interventions;
(2) yoga compared to no treatment (SBP: −7.96mmHg [−10.65, −5.27]) but not for exercise. Conclusion. Yoga can be preliminarily
recommended as an effective intervention for reducing blood pressure. Additional rigorous controlled trials arewarranted to further
investigate the potential benefits of yoga.
1. Introduction
Current estimates suggest that over 76 million US adults
suffer from hypertension [1] and that blood pressure is well
controlled in less than 50% of these individuals [2]. Uncon-
trolled hypertension is thought to be responsible for 62% of
cerebrovascular disease and 49% of ischemic heart disease
[3] and is estimated to cost the United States $93.5 billion
in health care services, medications, and missed days of
work in 2010 [4]. The cost of drugs, drug interactions, and
nonadherencewith the drug regimen all contribute to current
high rates of uncontrolled hypertension. Alternative, less
expensive methods to reduce blood pressure that have lower
risk of drug interactions and which may convey the benefits
of long-term adherence are much needed.
Yoga is one such alternative healthcare practice thought
to improve blood pressure control [5–7]. There is no single
definition of the practice of yoga, that is universally accepted
although it is generally described as an ancient tradition
(originating 5,000 to 8,000 years ago) [8–10] that incorporates
postures, breath control, and meditation, as well as specific
ethical practices [11, 12]. The number of yoga practitioners
continues to rise, with current estimates indicating at least
15.8 million people in the United States (6.9% of Americans)
practice yoga [13]. Most relevant to the issue of blood
pressure control is that yoga is increasingly being suggested
by American health care providers as a means of enhancing
health [13]. Of the many benefits ascribed to yoga practice,
blood pressure control is among the most studied [7]. While
several reviews regarding the potential benefits of yoga for
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reducing blood pressure and other cardiovascular disease
risk factors have been published [5, 7, 14–17], most have
stated that the quality of the studies are generally poor.
Additionally, few reviews have specifically focused on blood
pressure control, and meta-analyses are lacking. Thus, the
degree to which yoga may decrease blood pressure as well as
the potential modifying effects of type of yoga intervention
and type of comparison group remain unclear. To address
these gaps, this paper presents a systematic review and meta-
analysis of controlled studies (randomized and nonrandom-
ized) examining the effects of yoga practice on systolic and
diastolic blood pressure in individuals with prehypertension
or hypertension.
2. Methods
2.1. Literature Search. Methods of the analysis and inclusion
criteria were specified in advance but were not documented
in a publicly available protocol. A systematic literature search
was carried out using the databases Academic Search Pre-
mier, AltHealthWatch, Biosis/Biological Abstracts, CINAHL
Plus with Full Text, Cochrane Library, Embase, MEDLINE,
PsycINFO, PsycARTICLES, Natural Standard, and Web of
Science. Additional studies were identified by searching
bibliographies of reviews, all studies included in this review,
and select uncontrolled studies of yoga and blood pressure.
Search terms included yoga or yogi∗ or yama or niyama or
pratyaharaor dharana or dhyana or samadhi or asana com-
bined with “blood pressure” or hypertension or hypertensive
or systolic or diastolic.
2.2. Inclusion/Exclusion Criteria
(1) Types of studies: Peer reviewed, English language,
controlled studies (either a randomized controlled
trial (RCT) or a non-RCT) published between Janu-
ary 1966 and March 2013 were included. Cross-sec-
tional studies, case series, dissertations, and abstra-
cts/posters were not included.
(2) Participants: Adults (mean age ≥ 18 years) with prehy-
pertension or hypertension.
(3) Interventions: Given the large variability in practices
associated with the term “yoga,” only papers that
explicitly labeled the intervention as “yoga” were
examined. Consequently, we excluded studies that
reported on the effects of any form of meditation,
mindfulness-based stress reduction, or relaxation
response which the authors did not specifically label
as yoga. Studies of Transcendental Meditation (TM),
a form of yogic meditation, were excluded, since a
comprehensive review and meta-analysis regarding
the effects of TM on blood pressure has been recently
conducted [18]. In addition, we excluded studies only
examining immediate changes following a single yoga
session. We also excluded studies examining only
practices rarely performed currently but historically
associated with yoga such as bloodletting, starvation,
and cleansing of the stomach.
(4) Outcome measures: Blood pressure (mmHg) was the
only outcome of interest (systolic and diastolic). Stud-
ies which did not provide blood pressure data (effect
size and/or variability estimates) were excluded.
2.3. Data Extraction. Abstracts were initially examined by
a single investigator (MH). Independent extraction of data
on potentially eligible articles was performed by two
authors (MH/RS) using predefined data fields. Disagree-
ments between reviewers were resolved by discussion to
achieve consensus. Blood pressure values with standard
deviation or standard error as well as participant health
status, type of yoga intervention, type of comparison group,
demographic characteristics, number of participants enrolled
and completing the study, location of the study, reporting
of adverse events, and methods for measurement of blood
pressurewere gathered from each paper. Systolic and diastolic
bloodpressures (mmHg)were the onlymeasures of treatment
effect investigated by meta-analysis. Mean posttest values, or
change scores when available, were used for analysis. Where
no standard deviations were available they were calculated
from the standard error. For otherwise eligible studies that
did not provide blood pressure values, corresponding authors
were contacted by email in an effort to obtain the information
needed for inclusion in this review.
2.4. Risk of Bias. The risk of bias for each study was deter-
mined independently, but unblinded, by the same two
authors using the criteria of the Cochrane Risk of Bias
Tool. Disagreements were resolved by discussion to achieve
consensus [36]. Studies which had unclear or high risk of bias
in one or more key domains (selection, detection, attrition,
reporting but not performance bias) were considered at high
risk of bias.
2.5. Data Analysis/Assessment of Heterogeneity. Reference
Manager (RevMan) Version 5.1 from the Cochrane Col-
laboration [37] was used to analyze all data and construct
forest plots, as well as to evaluate heterogeneity across studies
and to perform sensitivity and subgroup analyses. Statistical
heterogeneity across studies was tested using Tau2, Chi2,
and the method proposed by Higgins and Thompson [38].
Given the broad nature of the research question and the
variability within the target studies by type of yoga and
type of comparison group we expected a large degree of
heterogeneity. Consequently we planned use of a random
effects model for all comparisons [39].
2.6. Subgroup and Sensitivity Analysis. A primary method-
ological concern was whether controlled but nonrandom-
ized studies should be included in the meta-analysis given
that such studies by definition suffer from selection bias.
Consequently, sensitivity analyses were conducted to assess
potential variation by presence or absence of random par-
ticipant allocation. In an effort to be maximally inclusive of
relevant data we included studies whose populations were
not explicitly hypertensive but was composed of individuals
with cardiac health related issues (e.g., diabetes, metabolic
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Records identified through 
database searching 
Additional records identified 
through other sources 
Records after duplicates were removed 
Records screened Records excluded 
for eligibility 
Studies included in 
quantitative synthesis 
Studies included in 
qualitative synthesis 
(𝑛 = 725) (𝑛 = 16)
(𝑛 = 513)
(𝑛 = 513)
(𝑛 = 454)
(𝑛 = 59)
(𝑛 = 17)
(𝑛 = 17)
Full-text articles assessed Full-text articles excluded (𝑛 = 43)
(meta-analysis)
𝑛 = 16: no BP values/variability data
𝑁 = 13: participants not hypertensive
𝑛 = 11: no comparison group
𝑛 = 1: all values from single session
𝑛 = 1: BP only taken during
orthostatic challenge
Figure 1: Flow Diagram of article selection.
syndrome) with amajority of the study participants currently
hypertensive. Consequently, sensitivity analyses were con-
ducted to assess potential variation by presence or absence
of study inclusion criteria that required participants to be
hypertensive.
We hypothesized a priori that variation in intervention
practices would likely contribute substantial heterogeneity
to the outcomes. Consequently, subgroup analyses were
performed based on duration of the yoga intervention and
on yoga practice components included in the intervention
Yoga interventions were divided into 3 categories: (1) those
that incorporated postures, meditation, and breathing (“3-
element yoga”); (2) those that included fewer than the 3 yoga
practices just described; (3) yoga using any combination of
the three elements plus one or more additional interven-
tion(s). We also categorized yoga intervention by total time
of practice, distinguishing between studieswhere total time of
practice was shorter or longer than the mean duration across
all studies. Finally, we performed a subgroup analysis based
on comparison group, as we expected between-group effects
to vary depending on the control condition. For this subgroup
analysis, we used three categories of comparison groups: (1)
usual care, no treatment, or wait list; (2) exercise; and (3)
attention control or active, nonexercise comparator.
3. Results
3.1. Literature Search. The initial database searching located
725 potentially eligible articles; an additional 16 papers were
identified through other sources, bringing the total number
of articles for preliminary review to 741 (Figure 1). Of these,
228 were excluded as duplicates, and 454 for failure to
meet inclusion criteria after review of the abstract. Of the
remaining 59 articles a full text review yielded 16 studies
meeting our full eligibility criteria. An additional 15 studies
did not report blood pressure values or variability data,
but met all remaining eligibility requirements [32, 36, 40–
52]; the primary authors of these studies were contacted to
request data. Only one author agreed to provide data and
this study [32] was included in the analysis, bringing the
total eligible articles to 17. Several papers examined more
than one comparison group. These studies were considered
independent trials [53] and consequently 22 trials within the
17 studies were identified for analysis.
3.2. Study Characteristics. Characteristics of each study are
detailed in Table 1. Most studies were conducted in India
(𝑛 = 8) and the USA (𝑛 = 6), with the remaining
conducted in The Netherlands (𝑛 = 1), Brazil (𝑛 = 1), and
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Thailand (𝑛 = 1). The total number of enrolled participants
examined across all included studies was 1013, with 473
(46.7%) assigned to the yoga group and 540 (53.3%) assigned
to the comparison group. The total number of participants
completing the studies was 943 (yoga = 427; controls = 516)
with mean drop-out rates of 9.7% and 4.4% for the yoga and
comparison groups, respectively. Of the studies that reported
gender (𝑛 = 14), approximately 38% of study participants
were male (some studies reported percentages and did not
clarify if gender applied to enrolled participants or to those
completing the study). The mean study sample size (using
number of participants who completed the study) was 55.4
(±31.8), ranging from 20 to 120 participants. Ten (58.8%) of
the 22 studies incorporated three elements of yoga (postures,
meditation, and breathing) with no additional interventions,
while 4 (23.5%) used two or fewer of the elements, and 3
(17.6%) used various elements of yoga in combination with
additional interventions. Within the 22 trials three categories
of comparison groups were identified: 13 (59%) no treatment
or usual care; 3 (13.6%) exercise; 5 (22.7%) various types of
nonyoga, nonexercise interventions. Potential adverse events
were not reported in 12 (70.1%) of the studies, the absence of
adverse events were reported in 4 (23.5%) of the studies, and
one study (5.8%) [21] reported three adverse events within the
yoga group. The mean length of time used for yoga practice
was 58.9 (±56.1) hours; 12 studies had fewer hours and 5 had
more hours than the average.
3.2.1. Risk of Bias. Categorization of the risk of bias at the
individual study level is presented in Figure 2. No studies
achieved a low risk of bias as all had an unclear or high
risk of bias within at least one major domain. Sequence
Generation and Treatment Allocation: 15 of the 17 studies
had unclear or high risk of selection bias as 8 of the studies
were nonrandomized and 7 failed to describe sequence
generation or allocation. Blinding of participants: all studies
had high risk of bias for blinding of intervention. Due to
the required participatory nature of yoga this category was
not considered a primary domain for risk of bias. Blinding
of outcome assessors: all studies had an unclear risk of bias
for outcome assessment with the exception of two which
reported blinding (low risk of bias) [21, 23]. Attrition bias
varied across groups. Eight of 17 studieswere assigned unclear
or high risk of attrition bias as 3 [21, 23, 28] had high drop-
out rates and/or no report of intention-to-treat analysis (high
risk of bias) and in 5 studies the drop-out rates exceeded
15%, but were comparable between groups (unclear risk of
bias). In the remaining studies (𝑛 = 9) both intervention
and comparison groups had dropout rates of 15% or less
or conducted an intention to treat analysis (low risk of
bias); and Selective reporting: as only one outcome (blood
pressure) was examined within this review and studies were
only included if these values were described in the report.
Other bias: all studies had low risk of other biases except one
assigned high risk of bias as baseline values differed signif-
icantly between groups [35] and one assigned unclear risk
of bias as [22] as values were inconsistent between text and
tables.
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Figure 2: Risk of bias summary.
3.2.2. Effects of Yoga on Blood Pressure. As illustrated in
Figures 3(a) and 3(b), yoga had amodest but significant effect
on both systolic (𝑍 = 3.75, (𝑃 = 0.0002); −4.17mmHg
[−6.35, −1.99]) and diastolic blood pressure (𝑍 = 3.86,
(𝑃 = 0.0001); −3.26mmHg [−4.92, −1.60]). There was
substantial heterogeneity present across the included studies:
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Figure 3: Forest plots of overall effect of yoga on prehypertension and hypertension: (a) systolic, and (b) diastolic.
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Table 2: Results of subgroup analyses: effect sizes, number of trials, and number of participants per subgroup.
Subgroup category Number oftrials
Number of
participants
Effect size (confidence interval), mmHg
Systolic Diastolic
Type of yoga intervention∗
(1) P, M, B 11 431 −8.17 (−12.75, −3.89) −6.14 (−9.39, −2.89)
(2) 2 or less of PMB 8 403 0.19 (−1.70, 2.07) 0.38 (−1.55, 2.32)
(3) (±P ±M ± B) + other intervention 3 109 −11.87 (−26.43, 2.70) −7.35 (−16.20, 1.50)
Type of comparison group∗
(1) No intervention or usual care 13 656 −7.96 (−10.65, −5.27) −5.52 (−7.92, −3.11)
(2) Exercise or exercise + additional intervention 3 97 2.87 (1.42, 4.31) −0.30 (−1.47, 0.87)
(3) Non-exercise intervention 6 190 1.14 (−3.37, 5.66) −0.35 (−3.56, 2.86)
Length of yoga intervention
(1) ≤mean (58.9 hours) 16 728 −3.11 (−5.49, −0.73) −2.55 (−2.95, 2.15)
(2) >mean (58.9 hours) 6 215 −9.73 (−17.66, −1.79) −1.83 (3.59, −0.07)
Types of yoga intervention: P: postures; B: breathing; M: meditation; 1 = P + M + B, 2 = any 2 of these or less; 3: (±P ±M ± B) + Other intervention.
Length of yoga intervention: 16 trials (12 studies) were categorized as being of short duration as they fell below the mean value across all studies of 58.9 hours;
6 trials (5 studies) were categorized as being of long duration.
∗Significant effect of subgroup differences, P < 0.001.
Tau2 = 17.34; Chi2 = 241.03, df = 21, (𝑃 < 0.00001), 𝐼2 = 91% for
systolic andTau2 = 11.17; Chi2 = 234.96, df = 21, (𝑃 < 0.00001),
𝐼
2 = 91% for diastolic.
3.3. Sensitivity Analysis. Sensitivity analysis was performed
by comparing the meta-analysis from all 17 studies with
a meta-analysis of the RCTs only (𝑛 = 9). A second
sensitivity analysis was performed by comparing the meta-
analysis from all 17 studies with a meta-analysis of the
studies which focused on cardiac related health issues but
did not have hypertension as an explicit inclusion criteria,
although the majority of the participants had hypertension
(𝑛 = 5) [19, 20, 24–26]. For both sensitivity analyses, no
substantive differences in either the direction or magnitude
of effect size were created by removing the identified studies.
Consequently, the findings of all 17 studies were pooled for
these analyses.
The number of trials, number of participants, and effect
sizes for subgroups is reported in Table 2. Subgroup analyses
for systolic and diastolic blood pressure indicated a signifi-
cant modifying effect of type of yoga intervention (Chi2 =
14.30, 𝑃 = 0.0008 and Chi2 = 13.14, 𝑃 = 0.001, resp.)
and type of comparison group (Chi2 = 48.30, 𝑃 = 0.00001
and Chi2 = 14.89, 𝑃 = 0.0006, resp.) but not for duration
of yoga practice (Chi2 = 2.45, 𝑃 = 0.12 and Chi2 = 0.61,
𝑃 = 0.43, resp.). The subgroup analysis for type of yoga
intervention suggests that incorporating three elements of
practice (posture, meditation, and breathing) is associated
with significant reductions in blood pressure whereas yoga
interventions using two or fewer elements of yoga practice
or that combine yoga practice with additional interventions
are not (Table 2). The subgroup analysis regarding type of
comparison group suggests that RCTs comparing yoga to
usual care showed that yoga had a significant effect on blood
pressure compared to no treatment but not when compared
to exercise or other types of treatment (Table 2).
4. Discussion
When the results of all 17 studies (22 trials) examined in
this review are pooled, yoga was associated with a small but
significant decline in both systolic and diastolic blood pres-
sure (−4.17 and −3.26mmHg, resp.). Further, yoga’s effects
on blood pressure varied by type of yoga intervention and
by comparison group, but not by duration of yoga practice.
These subgroup differences may partially explain the high
degree of heterogeneity found across all studies. The level of
overall blood pressure reduction achieved by yoga is similar
to that of other lifestyle modifications advocated by current
guidelines, including exercise [27] and reduced intake of
sodium and alcohol [3]. While the overall declines resulting
from yoga practice were modest, even small reductions in
blood pressure have been shown to reduce risk for coronary
heart disease and stroke [29, 30].
When the analysis was restricted to studies using inter-
ventions incorporating three elements of yoga practice
(postures, meditation, and breathing), larger reductions of
−8.17 (systolic) and −6.14 (diastolic) mmHg were observed.
Declines of thismagnitude are of clear clinical and prognostic
significance [3]. To our knowledge, this is the first study to
provide preliminary evidence supporting increases in blood
pressure reduction associated with specific methods of yogic
practice.
Yoga was also associated with a significant decline
in systolic (−7.96mmHg) and diastolic blood pressure
(−5.52mmHg) relative to no treatment, but not when com-
pared to exercise or other types of interventions. It is well
known that exercise and some of the other active inter-
ventions used within the included studies decrease blood
pressure relative to no treatment [27, 29] in the range of 3–
9mmHg (systolic). Given that their effects are comparable in
magnitude and direction to those observedwith yoga, it is not
surprising that we found no significant benefit of yoga when
it was compared to an alternate active treatment.
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4.1. External and Internal Validity. Theparticipants of studies
included in this report were male and female adults with
prehypertension or hypertension with or without cardiovas-
cular disease. The findings of this report are thus applicable
to the majority of individuals with elevated blood pressure.
Most studies assessed gentle yoga programs of relatively short
duration that could be readily implemented in this clinical
population.
Unfortunately, overall quality of studies included in this
meta-analysis was poor. All had either unclear or high risk
of bias on one or more primary domains. The most common
risk of bias was the failure to blind (or to report blinding of)
participants. However, studies requiring active participation
in an instructor-led intervention cannot be blinded and
consequently we did not consider this a primary domain
reflecting study quality. However, only 2 of the 17 studies
reported blinding of outcome assessors, an entirely feasible
method for active intervention studies. In addition, 8 of 17
studies had high or unclear risk of attrition bias and 15 of 17
studies had high or unclear risk of selection bias.
4.2. Strengths and Weaknesses. This is the first meta-analytic
review to examine the effects of yoga on blood pressure.
Strengths of this study include the systematic literature search
using multiple databases and based on criteria defined a
priori, assessment of studies by multiple authors, a priori
decisions regarding appropriate subgroup analyses, and use
ofwell-establishedmeta-analysis procedures for our analyses.
One limitation of the current study is we did not assess
other potentially contributing factors such as style of yoga,
qualifications of instructors or teaching styles, practice envi-
ronment, participant characteristics such as physical fitness
and yoga experience, as well as blood pressure assessment
procedures, and othermethodological issues. Additional lim-
itations are the restriction to English-language publications,
to the selected database sources, and to studies that reported
complete blood pressure values.
Exclusion of studies that used yogic interventions but did
not label the intervention as such may also have introduced
bias. Because there are no universally accepted standards for
what constitutes yoga practice, reviews such as this one must
necessarily create criteria to define yoga for the purposes of
analysis. In this review we excluded studies of certain thera-
pies that, while not defined by the authors as “yoga,” could
arguably be viewed as yogic practices. These included, for
example, studies of certain meditation techniques that, while
generally considered yogic practices, were not described
as such. Given that there is already considerable evidence
suggesting that meditation is effective in lowering blood
pressure; [18, 31, 33] exclusion of these studies may have
biased our subgroup analysis of effects by yoga program type.
Thus, our findings suggesting that programs incorporating
three core elements of yoga (postures, meditation, and breath
control) led to significant blood pressure reductions while
yoga programs using two or less elements of yoga did not
lead to significant reductions in blood pressure reduction
should be interpreted with caution. In addition, although
some studies included in this review were of reasonably
long duration (189 hours) [25], the majority of studies
(𝑛 = 10) were less than 50 hours. Future studies should
consider methods, as far as are feasible, which more closely
resemble suggested yogic practice (many months to years of
practice). Given that the studies within this report had sub-
stantial potential risk of bias across multiple domains, future
studies should focus on the use of well-designed RCTs which
blind outcome assessors, use intention to treat analyses, fully
report adverse events, and incorporatemeasures of treatment
expectancy.
5. Conclusion
The current study is the first meta-analysis to examine
the effects of yoga on blood pressure among individuals
with prehypertension or hypertension. Overall, yoga was
associated with a modest but significant reduction in blood
pressure (≈4mmHg, systolic and diastolic) in this popula-
tion. Subgroup analyses demonstrated larger, more clinically
significant reductions in blood pressure for (1) interventions
incorporating 3 basic elements of yoga practice (postures,
meditation, and breathing) (≈8mmHg, systolic; ≈6mmHg,
diastolic) but not for more limited yoga interventions;
(2) yoga compared to no treatment (≈8mmHg, systolic;
6mmHg, diastolic) but not compared to exercise. These
reductions are of clear clinical significance and suggest that
yoga may offer an effective intervention for reducing blood
pressure among people with prehypertension or hyperten-
sion. As none of the included studies had methodologies
with low risk of bias in primary domains additional rigorous
controlled trials are warranted to further investigate the
potential benefits of yoga for improving blood pressure in
these populations and to determine optimal yoga program
design and dosing.
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